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Abstract. Currently, swine building ventilation design is based on heat and moisture rates measured in the 
1950s and 1970s.  Advancements in genetics, nutrition and management practices to increase productivity and 
pork quality during this period likely have led to considerable changes in heat and moisture production rates of 
the animals and their housing systems.  This study quantifies total heat production rate (THP), house-level 
moisture production rate (MP) and house-level sensible heat production rate (SHP) of a 4300-sow breeding, 
gestation, and farrowing facility in Iowa for 17 consecutive months.  THP was determined using indirect animal 
calorimetry, MP was determined from mass balance, and SHP was calculated as the difference between THP 
and latent heat production (LHP).  A Mobile Air Emission Monitoring Unit (MAEMU) was installed to monitor the 
deep-pit breeding-early gestation barn (1800 head), the deep-pit late gestation barn (1800 head), and two 
shallow-pit (pull-plug) farrowing rooms (40 head per room). This paper reports on data collected from February 
2012 through the completion of the study in June 2013.  Preliminary results from the study show that THP 
averages 373 W/sow for sows in the breeding/early gestation stage, 376 W/sow for sows in the late gestation 
stage, and 1191 W/sow+litter for sows and litters in the lactation stage.  The house-level MP averages 198 
g/hr-sow for sows in the breeding/early gestation stage, 192 g/hr-sow for sows in the late gestation stage, 818 
g/hr-sow for sows and litters in the lactation stage. Finally the house-level SHP averages 223 W/sow for sows 
in the breeding/early gestation stage, 230 W/sow for sows in the late gestation stage, and 572 W/sow for sows 
and litters in the lactation stage. Compared with the ASABE standards, values from the current study for 
gestation sows showed increases of 55% in THP, 20% in MP, and 58% in SHP. Similarly, values for farrowing 
sow and litter showed increases of 85% in THP, 64% in MP, and 80% in SHP relative to the ASABE standards. 
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Introduction 
With the majority of swine production, especially the breeding, gestation, and farrowing stages occurring 
indoors, it is critical to maintain an optimal indoor environment for the pigs to minimize stress and maximize 
production.  Of all the systems used to maintain the desired indoor environment, the ventilation system has the 
largest impact.  This places a high level of importance on having a properly designed ventilation system.  While 
ventilation systems in livestock barns provide control of indoor air quality for gas concentrations, most systems 
are designed based on the heat production rates of the animals housed in the structure.  Therefore, it is critical 
to have accurate values for both the total heat production rates (THP) and moisture production rates (MP).  
When the current ASABE standards are examined, however, the THP and MP rates used are from studies in 
the 1950s and 1970s (Bond et. al 1959 and Ota et. al 1975).  With the changes since those studies in genetics, 
nutrition/feeding, and production methods (Brown-Brandl et. al 2004), it is prudent to update the THP and MP 
rates for swine and their housing systems under modern production practices. The new THP and MP rates can 
also then be used to update common design resources such as the Midwest Plan Service Structures and 
Environment Handbook and the CIGR Handbook on Climatization of Animal Houses.  
Therefore, the objective of this study was to quantify the total heat production rate (THP) and its partitioning 
into house-level moisture production rate (MP) and house-level sensible heat production rate (SHP) for a 
Midwestern swine breeding/gestation/farrowing facility. Seventeen months of data collection was completed 
from February 2012 through early June 2013. 
Materials and Methods 
Site Description and Instrumentation 
A 4300-sow capacity breeding/gestation/farrowing facility in central Iowa was used in this monitoring study.  A 
full description of the facility and instrumentation can be found in Stinn et al. (2011).  In brief, the facility 
consisted of two farrowing buildings with 9 farrowing rooms each, a breeding/early gestation barn, a late 
gestation barn, and an external manure storage vat for the farrowing facility.  Two farrowing rooms, designated 
as Room F1 and Room F2, were selected to be monitored.  The farrowing rooms were each 15.5m x 13.9m 
(51ft x 45.5ft) with a shallow-manure pit system (0.61m deep) that was flushed out after every turn (approx. 21 
days).  Figure 1 shows the monitoring system layout for the farrowing rooms.  Each room's exhaust air was 
sampled identically, with one composite sample from the shallow-pit fans and one composite sample from the 
lowest stage wall fans. 
The breeding/early gestation barn and the late gestation barn, designated as Barns B/EG and LG, respectively, 
had the same dimensions, ventilation design, and 1800-head capacity each.  The barns had dimensions of 
121.9m x 30.5m (400ft x 100ft) each and used mechanical ventilation year-round.    Each barn had a deep 
manure pit (3.05 m) and the manure was pumped out semi-annually, in the fall and spring.  Figure 2 shows the 
monitoring system layout for the B/EG and LG Barns.  Exhaust air samples from each barn were drawn as a 
composite from four of the lowest ventilation stage pit fans with a second sample from the lowest stage endwall 
fans.   
A Mobile Air Emissions Monitoring Unit (MAEMU) was used to continuously collect data on gaseous 
concentrations, thermal conditions and operational status of the ventilation fans from the previously described 
barns and farrowing rooms.  A detailed description of the MAEMU and its operational protocols can be found in 
Moody et al. (2008).  The MAEMU housed, among other measurement and data acquisition equipment, a 
photoacoustic multi-gas analyzer (INNOVA Model 1412, INNOVA AirTech Instruments A/S, Ballerup Denmark) 
to measure CO2 concentrations and dew point, and a paramagnetic gas analyzer (model 755A, Rosemount 
Analytical, Irvine, California, USA) to measure O2 concentrations (Figure 3).  The analyzers were challenged 
weekly with calibration gasses and recalibrated as needed. 
Air samples were drawn from the 8 in-house locations and 1 outside location to provide ambient background 
data.  Samples were drawn from each in-house location every 64 min (8 min per location) with the outside air 
being sampled every two hours for 8 min to allow for O2 analyzer stabilization. The outside sample location can 
be seen in Figure 2 on the north side of the LG Barn.  Pit fan sampling ports were located below the slats/floor 
in the deep-pit head space directly under each pit fan in the pump out accesses.  Wall fan sampling ports were 
located approximately 1.0 m (3.28 ft) in front of each wall fan.  The sample port locations were chosen to best 
represent the exhaust air leaving each barn/room.  The MAEMU utilized a positive-pressure gas sampling 
system (Figure 4) to minimize potential infusion of unwanted air to the sample line.  All pumps and heated 
sample lines were checked weekly for leaks and blockages.   
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Figure 1. Diagram of Farrowing Rooms F1 and F2 showing air sampling, temperature, static pressure, and relative humidity 
measurement locations. 
 
Figure 2. Diagram of Breeding/Early Gestation (B/EG) and Late Gestation (LG) Barns showing air sampling, temperature, static 
pressure, relative humidity, and barometric pressure measurement locations. 
 
Figure 3. Gas analyzers: (a) Innova 1412 for CO2 and dew point measurements, (b) Rosemount 755A for O2 measurement. 
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Figure 4. Positive pressure gas sampling system located in Mobile Air Emissions Monitoring Unit (MAEMU) 
The ventilation fans were calibrated in situ at multiple operating points to develop a performance curve for each 
fan using a Fan Assessment Numeration System (FANS) (Gates et al., 2004). The on/off status of each fan 
was monitored continuously by an inductive current switch on the each fan motor's power cord (Muhlbauer et 
al., 2011) with its analog output connected to the data acquisition system.  The speed of the variable speed 
fans was measured by Hall Effect speed sensors (GS100701, Cherry Corp, Pleasant Prairie, WI).  Static 
pressure sensors (Model 264, Setra, Boxborough, Massachusetts, USA) were located near the south wall of 
each farrowing room and near the middle of the north and south walls in the B/EG and LG Barns.   
The sows were fed a corn/soy diet that was adjusted based on production stage.  For gestating sows, the 
ration had a metabolic energy (ME) content of 640 kcal/kg and a crude protein (CP) content of 21.04%.  
Gestating sows were fed once per day (around 7am).  Gestating sows with body condition score 1 (skinniest 
sows) were fed 4.5 kg per day and condition score 3 sows (heaviest) were fed 1.8 kg per day.  Condition 2 
sows were fed 2.3 to 3.2 kg of feed per day depending on gestation status.  Once the gestating sows were 
moved to the farrowing rooms approximately 4 days pre-farrowing, they were provided with 1.8 kg per day until 
farrowing.  For lactating sows (post farrowing) ME content was 677 kcal/kg and CP content was 21.14%.  
Lactating sows were fed four times per day with each feeding at up to 3.6 kg for a maximum daily feed intake of 
14.5 kg. 
 
Determination of THP, House-Level MP and House-Level SHP 
THP of the pigs was determined using the indirect calorimetry technique. Namely, THP is related to O2 
consumption and CO2 production using the following relationship (Brouwer, 1965): 
 ܶܪܲ ൌ 16.18ܥܱଶ ൅ 5.02ሺܥܱଶ െ ܥܱଶ௠௔௡௨௥௘ሻ (1) 
 ܴܳ ൌ ܥܱଶ/ܱଶ (2) 
Where THP=total heat production rate of the pigs in the building, W 
           RQ=respiratory quotient, unitless 
           O2=oxygen consumption rate, mL s-1 
           CO2=total carbon dioxide production rate of the barn or room, mL s-1 
           CO2manure=carbon dioxide produced from manure and supplemental heating if present, mL s-1 
The O2 consumption rate and CO2 production rate were determined from data of incoming and exhaust O2 and 
CO2 concentrations and the building ventilation rate, with adjustments made for changes in temperature, 
pressure, moisture content and air composition (McLean, 1972): 
 ܱଶ ൌ ቀ௏೚ఈ ቁ ሺሾܱଶ௔ሿ െ ߙሾܱଶ௢ሿሻ ∗ 10ି଺ (3) 
 ܥܱଶ ൌ ቀ௏೚ఈ ቁ ሺߙሾܥܱଶ௢ሿ െ ሾܥܱଶ௔ሿሻ ∗ 10ି଺ (4) 
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 α ൌ ୚౥୚౗ ൌ
ଵିሺሾ୓మ౗ሿାሾେ୓మ౗ሿሻ∗ଵ଴షల
ଵିሺሾ୓మ౥ሿାሾେ୓మ౥ሿሻ∗ଵ଴షల (5) 
Where O2=oxygen consumption rate, mL s-1 
           CO2=total carbon dioxide production rate of the barn or room, mL s-1 
           [O2o], [O2a]=oxygen concentration at outlet and ambient, respectively, ppm 
           [CO2o], [CO2a]=oxygen concentration at outlet and ambient, respectively, ppm 
 Vo, Va=ventilation rate at STPD (0°C, 101.325 kPa, dry basis) measured at outlet and ambient, 
respectively, mL s-1 
The house-level MP, which includes latent heat of the pigs and moisture evaporation from manure or spilled 
water, was calculated from a mass-balance equation: 
 ܯܲ ൌ ߩܳሺ ௢ܹ െ ௔ܹሻ (6) 
Where MP= house-level moisture production rate, kg H2O s-1 
           Wo, Wa=humidity ratio of outlet and ambient air, respectively, g g-1 
           Q=building ventilation rate at exhaust air temperature, m3 s-1 
           ρ=air density of exhaust air, g m-3 
The house-level SHP was calculated as the difference between THP and the house-level latent heat production 
rate (LHP): 
 ܵܪܲ ൌ ܶܪܲ െܯܲ ∗ ݄௙௚ ∗ 1000 (7) 
Where SHP=sensible heat production rate at barn or room level, W 
           hfg=latent heat of vaporization for water, 2427 J g-1 
           1000=conversion of MP from kg s-1 to g s-1 
The magnitudes of heat and moisture production rates calculated in the above equations are for the entire barn 
or room.  The population of animals in the monitored barns and rooms was recorded by the farm staff and used 
to express the heat and moisture production rates on a per sow or per (sow + litter) basis. 
Results and Discussion 
The data presented in this paper were collected from February 11, 2012 to June 3, 2013 and are considered 
preliminary. Due to instrument/system repairs, calibrations, etc., the B/EG barn had 229 days of good data, the 
LG barn had 232 days, room F1 had 279 days, and room F2 had 324 days.  Figure 5 shows the average daily 
ventilation rate versus the average daily ambient temperature over the monitoring period.   
 
(a)                                                                   (b) 
Figure 5. Average daily ventilation rate versus average daily temperature for the duration of the study for the (a) B/EG 
(breeding/early gestation) and LG (late gestation) Barns and (b) F1 and F2 farrowing rooms. 
0
50
100
150
200
250
300
350
-20 -10 0 10 20 30 40
Ve
nt
ila
tio
n 
R
at
e 
(m
3 /h
r/s
ow
)
Ambient Temperature, °C
B/EG LG
0
200
400
600
800
1000
1200
-20 -10 0 10 20 30 40V
en
til
at
io
n 
R
at
e 
(m
3 /h
r/s
ow
+l
itt
er
)
Ambient Temperature, °C
F1 F2
2013 ASABE Annual International Meeting Paper Page 5 
Figure 6 shows the average daily THP measured in the (a) gestation barns and (b) farrowing rooms on a Watt 
per sow or per sow and litter basis.  The THP values are plotted versus the temperature in the barn or room.  In 
Figure 6a we can see the characteristic “V” shape of the THP caused by an increase in sensible heat 
production as the temperature drops below thermoneutral conditions and latent heat production increases 
above the thermoneutral temperature range.  Figure 6b does not show this pattern as the temperature range in 
the farrowing rooms was much narrower than in the gestation barns. Rather, there is a trend that THP of the 
sow and litter linearly increases with decrease in room temperature from 25ºC to 20ºC. However, caution 
should be taken in attributing the THP increase to lower room temperature only, as the decreasing temperature 
may coincide with growing or age of the piglets which by itself will bring about inevitable increase in THP, as 
discussed below.  
 
(a)                                                                   (b) 
Figure 6. Total Heat Production (THP) rates for (a) Breeding/Early Gestation and Late Gestation Barns and (b) Farrowing Rooms 
F1 and F2 vs. indoor temperature 
Figure 7 shows the average daily MP measured in the (a) gestation barns and (b) farrowing rooms on a grams 
per hour per sow or per sow and litter basis.  The MP values are plotted versus the temperature in the barn or 
room.  In Figure 7a an increase in MP with temperatures above 23°C is observed, as expected.  However, this 
increase is not observed in Figure 7b with the farrowing rooms.  This is likely due to the low density of sows per 
room compared to the density of pre-wean piglets that have a higher thermoneutral range. 
 
(a)                                                                   (b) 
Figure 7. Moisture Production (MP) rates for (a) Breeding/Early Gestation (B/EG) and Late Gestation (LG) Barns and (b) Farrowing 
Rooms F1 and F2 vs. indoor temperature. 
One challenging aspect of this study is accounting for the rapidly growing pre-wean piglets in the farrowing 
rooms.  As shown in Figure 8, the THP increases over the course of the farrowing turn as the piglets gain 
weight.  The piglet growth curves are being developed as a part of a separate project and will be utilized in the 
upcoming further analysis to convert HP rates to an animal unit (500 kg live body weight) basis. 
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Figure 8. Total heat production rate (THP) over two farrowing turns showing increase in THP with growth of piglets. 
Table 1 summarizes the THP, MP, and SHP measured over this study for each of the B/EG and LG barns and 
F1 and F2 rooms. The B/EG and LG barn numbers can be combined to provide HP values for gestating sows.  
Likewise, F1 and F2 can be combined to provide HP values for lactating sows and their litters.  These average 
values are shown in Table 2 along with the current design values (MWPS, 1983).  As the table shows, this 
increases in THP, MP and SHP for gestating sows of 55%, 20%, and 58%.  The increases for THP, MP, and 
SHP of lactating sows and litters are even higher, i.e., 85%, 64%, and 80%, respectively.   
Table 1. Summary of average THP, MP, and SHP measured from B/EG, LG, F1 and F2 with standard deviations in parentheses 
Production 
Stage/Facility 
# of Days 
Monitored 
# Pigs or 
Crates 
VR 
 (m3/hr‐pig)  RQ 
THP,  
W/sow 
MP, 
g/hr/sow 
SHP,  
W/sow 
B/EG  219  1666  117   1.1  373  198  223 
(80)  (0.3)  (69)  (68)  (59) 
LG  224  1800  120   1.1  376  192  230 
(82)  (0.3)  (72)  (54)  (63) 
F1  208  40  318   1.1  1071  741  510 
(227)  (0.3)  (358)  (217)  (257) 
F2  263  40  284   1.1  1286  878  621 
(222)  (0.3)  (442)  (246)  (296) 
Gestation Average  119   1.1  374  195  227 
(81)  (0.3)  (70)  (61)  (61) 
Farrowing Sow and Litter  300   1.1  1191  818  572 
(224)  (0.3)  (420)  (243)  (285) 
 
Table 2. Comparison table of measured HP values to reference values from Midwest Plan Services (MWPS) with percent 
increases from reference value 
THP, W/sow  MP, g/hr/sow  SHP, W/sow 
Gestating Sow 
MWPS  241   146   144  
This Study  374   195  227 
% Increase  55%  20%  58% 
Farrowing Sow and Litter 
MWPS  644   500   317  
This Study  1191   818   572 
% Increase  85%  64%  80% 
0
500
1000
1500
2000
2500
3000
8/30/12 9/9/12 9/19/12 9/29/12 10/9/12
TH
P,
 W
/s
ow
+l
itt
er
Date, mm/dd/yy
Room 1 Room 2
Turn 1 Turn 2 
2013 ASABE Annual International Meeting Paper Page 7 
Conclusions 
The results of this study indicate that heat and moisture production rates of gestating sows and lactating sows 
with their litters have increased significantly (>50% for THP and SHP, 20% and 64% for MP) over the current 
heat production standards employed in ventilation system design.  The lactating sows and litters showed the 
highest increase in THP and house-level MP.  These results indicate that updating the ASABE standards for 
modern swine heat production values is warranted to improve the ventilation system design. The project 
concluded in early June 2013 and final data processing is ongoing. 
Acknowledgements 
Funding for the study was provided in part by the Iowa Pork Producers Association and in-kind contribution of 
the Mobile Air Emissions Monitoring Unit by Iowa State University. We also thank the swine producer for 
providing access to the facility and cooperation during the project. 
References 
Bond, T.E., C.F. Kelly, H. Heitman, Jr. 1959. Hog house air conditioning and ventilation data. Transactions of the ASAE 2:1-4. 
 
Brouwer, E. Report of the sub-committee on constant and factors. In: Energy Metabolism. Proc. Of the Third Symposium, 441-
443, Scotland, European Association for Animal Production. Ed. K.L. Blaxter. London, England: Academic Press. 
 
Brown-Brandl, T.M., J.A. Nienaber, H. Xin, R.S. Gates. 2004. A Literature Review of Swine Heat Production. Transactions of the 
ASAE 47(1): 259-270. 
 
Gates, R. S., D. K. Casey, H. Xin, E. F. Wheeler, J.D. Simmons. 2004. Fan Assessment Numeration System (FANS) design and 
calibration specifications. Transactions of the ASAE 47(6):1765-1778. 
 
McLean, A.J. 1972. On the calculation of heat production from open-circuit calorimetric measurements. British Journal of Nutrition 
27(3): 597-600. 
 
Midwest Plan Service Structures and Environment Handbook, MWPS-1. 1983. Midwest Plan Service, Iowa State University, 
Ames, Iowa. 
 
Moody, L., H. Li, R. Burns, H. Xin, R. Gates. 2008. A Quality Assurance Project Plan for Monitoring Gaseous and Particulate 
Matter Emissions from Broiler Housing.  ASABE #913C08e. St. Joseph, Michigan. 
 
Muhlbauer R.V., T.A. Shepherd, H. Li, R.T. Burns, H. Xin. 2011. Technical Note: Development and application of an induction-
operated current switch for monitoring fan operation. Applied Engineering in Agriculture 27(2): 287-292. 
 
Ota, H., J.A. Whitehead, R.J. Davey. 1975. Heat production of male and female piglets. Journal of Animal Science 41:436-437. 
 
Stinn, J., H. Xin, H. Li, T. Shepherd, R. Burns. 2011. Quantification of greenhouse gas and ammonia emissions from a 
Midwestern swine breeding/gestation/farrowing facility. ASABE Paper #1111151. St. Joseph, MI: ASABE 
 
